ko the floor, creating an opening of approximately 76 by 76 cm (30 by 30 in.).
The seveicd panel will be jettisoned at an initial veloeity of approximately
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EMERGENCY IN-FLIGHT EGRESS OPENING FOR GENERAL AVIATION AIRCRAFT

Laurence J. Boment
NASA Langley Research €onter

SUMMARY.

In support of a stall/spin research program at the National Aeronautics
and Space Adnministration (NASA), Langley Resecarch Center (LaRC), an emergency
in-flight egress system is belng installed in a light generxal aviation air-
plane. The airplane has no provision for egress on. tha left side. A left-side
egrass. opening would greatly enhance the pilot's ability for bailout, particu-
larly in a right spin. To avoid a major structural redesign for a mechanical
door, an add-on 11.2-kg (24.6-1lb) pyrotechnic-actuated system was developed to
create an opening in the existing atructure. The skin of the airplane will be
explosively severed around the side window, across a central stringer,. and down

13.7 m/sec (45 ft/sec)., System development inc¢luded a total of 68 explosive
severance tests on aluminum material using small samples, small and full-scale
flat-panel aircraft structural mock-ups, and an actual aircraft fuselage.
These tests proved explosive sizing/severance margins, explosive initiation,
explogive product containment, and system dynamics. This technology is
applicable to any ajroraft of similar construction,

INTRODUCTION

Airplanes, upon stalling, may begin a rotating, sinking motion called a
spin. Stall/spin 14 a prime causal factor in fatal general aviation accidents. .
Several light airplanes are being spin tested at NASA-LaRC in an effort to
improve the stall/spin characteristica of this class of airplanes. These air-
planes are equipped with tail-mounted spin recovery parachute systems in the
event that the spinning cannot be stopped by the normal airplane controls, 1If
both the airplane controls and the recovery parachute fail to stop the spin,
the pilot would have to abandon the airplane. One airplane currently being
readied for spin testing has a single doot on the right side with no option for
egress on the left side. Bailout would require the pilot to move across the
altcraft to open the existing door, posaibly against centrifugal loads; this is
a difficult task at best. A left-side egress opening would minimize the pilot's
bailout effort and time.

A pyrotechnic-actuated egrens opening was developed because it proved to
be more advantageous than a mechanical system on the basis of structural mod- ‘
ification, performance, and the potential for succeds. A mechanical system ‘
would require considerable structural modification and reanalysis to incorpo-
tate a door and release mechanisms. A pyrotechnic approach would be an add-
onh system, based on ptevious experience gained in the F-111 and B-1 escapé
modules., |
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The pyrotechnic syatem developed in this affort used a amall-quantity,
fully contained, explosive~shaped charge to sever and Jettison a left-gide
panel from the airplane. The gystem 18 initiated mechanieally by a boll erank
pulled by the pilot. From that polnt, the system functions automatically.

The design and devolopment capitalized on existing pyrocechnio tethnoleyy,
materials, and cumponents, and emphasized proving all aspects of funcetional
performande. This proof of porformance was accomplished andlytically and
functionally to show margine of capability greater than thg foree, strength,
or cnorgy roquired,

This paper describes the design, development, and funetional testing of
the pyrotechnig-actuated amergency in=flight eqress opening for a NASA-LaRrC
general aviation redearch airplane.

APPARATUS

This section describes the off-the-ghelf components.that were qualified
under previous aerospsce programs and the test fixtures used in this progran,

Plexible Lifear-Shaped Charge (FLSC)

FLSC has been widely applied by the aerospace community in such applica-
tions as rocket vehicle 8taging and aircraft escape systems. Figure 1 shows a
transverse cross section of FLSC. The materials used in this applicatisn are
hexanitrostilbene II (organic~precipitated HNS IY) explosive (3.19 g/m
(15 grains/ft)) in a silver sheath. This explosive can only be initiated by
a high explosive input (greater than 5.5 x 109 N/m2 (800 000 psi)); it cannot
bé initiated by gunfire, lightning, electromagnetic-induced radiation, or phys-
ical handling. It will burn in & fire, but cannot achieve its cutting func-
tion. On initiation, the material detonates at a linear velocity of 7250 m/sec
(23 80C ft/sec), generating 2.0 x 100 N/m2 (3 x 106 Psi). The expanding gases
and sheath materials are focused in the chevron to effect a metal penetration
and deformation/breaking action.

FLSC Booster Tips

To assure reliable initiation of the FLSC and to seal the exposed explo-
sive at the ends of the six lengths of PLSC, booster tips were installed, These
tips are cups (4.83 mm (0.190 in.) i.4., 8.89 mm (0.35 in.) height) stamped
from 0.15-tm (0.006-in.) 302 stainless Steel écondition A) and loaded with
hexanitrostilbene I (HNS I) at 2.20 x 108 N/m2 (32 000 psi) to a height of
3.81 mm (0.150 ih.). The Cups were potted on the ends of the FLSC with a non-
solvent structural adhesive (Scotch-wald Brand Structursl Adhesive 2216 B/Al),

1Product of M Company .
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Lanyard-Actuated Datonator

The detonator used ke initiate the FLSC 18 shown in figute 2. A 1,27-om
(0.5~in.) streke compresses the linear spring to 89 N (20 1lbf) resistance at
rolcade of the sear., The €iring pin asdembly is deiven into the percusalon
piimer to initliate the lead azido/HNS I explosive mateorials in the eutput eup.
fhe lcad azide provides an interfaco to dovelop the initlation flame ko a
detonation within a 2.94-mm (0.1-in.) columh to properly initiate the HNS I,
which in tuen initiates an FLSC booster tip.

Manifolds

TS properly locats, secure, and protect the FLSC booster tips, fout
6061~7¢ aluminum manifolds were attached to the skin and aircraft structures,
one above and below the ceéntral stringer at the forward and aft extremities of
the egress. area. ‘the aft manifolds contained a close-tolerance groove to
secure the tips. However, the forward manifolds contained not only a groove
but also a threaded port to receive the lanyard-actuated detonators at the
correct relative position to the tips (minimum gaps of 0.50 mm (0.020 in.)) to
assure reliable explosive initiation,

Internal Containment Development Fixturs

To develop the internal structure required to contdin the explosive blast
of the PLSC, a test fixture was déveloped that would demonstrate performarice
margins. The fixture was an exact mock-up of a typical airecraft structure,
but to demonstrate a containment margin; the explosive load was increased to
150 percent of the requiréd amdunt and the mock-up of the aircraft skin thick-
nass was increasad to prévent any severance and venting of the explosive pres-
gure. Further, the internal free volume within the containment structure, as
well as the clearances of the FLSC to the structure, were reduced to the mini-
mums expected in the aircraft,

Small-Panel Test Fixture

Wood-framed panels, measuring 45.7 by 45.7 cm (18 by 18 in.) were used as
mock-ups of aircraft-representative structures £ot éxplosive severance tests.
The mock-up skin was attached to the frame, and the representative full-scale
structural elements, with explosive components, wéere mounted to the skin.

Full-scale, flat-panel test £ixtures.- Two full-scale, light-airplane
structures were mocked-up in wood-frameéd, flat-panels to evaluate the egress

system performance. All materials (Alclad 2024-T4), material thicknesses

(1.02 mn (0.04 in.)), and structural layouts, including a 3.175-mm (0.125-in.)
thick plexiglass window, were mocked-up., A 3.8-cm (1.5-in.) square-mesh stain-
less wire (0.5 mm (0.020 in.) thick) was used on the second teat to prevent the
plexiglass from moving internally. A complete assembly, exc & for the initla-
tionn aystem, was tested.
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Alroraft fusalage tegt fixture,

Alraraft funalage te XLUEE.~ A center sactlon of a typical dirplane
fuselage was modified to aimulate the end appiication Fesearoh-alrplane atrug-
ture ad alogely a8 porsible, as shown in figure

The regearch=alrplane 8tructure in fabri
Alelad 2024-T¢ aluminum, The fuselago skin
overlapping above and below the window and
stringera: Tho dopth of the formed

cated from 1. 03-mm (0.04~1n,)
panels are made up of fiat atogk,

just above the fleor at tho

, chunnel framan, stringera, and ribg ig
3.8 am (1.5 48.)., The framcs aro made up of {lat ot

: ook mountod on the ribg in ‘
- tho @entral fusolage arca, The 0,317-am (0.128=in,) thiek Blexiglans window

- has att apotturo of approximatoly 38,1 by 76.2 em (15 by 30 in.), 7Pha major
= difforence in the aimulation was in the depth of frames, 8tringors, and ribg,

The tdgearch=airplane dopth 19 3.81 em (1.5 in.) and.the toat=-Lugalage dopth
waa 6035 Gm (205 1”.,0

Final airoragt~designed ¢ontainment, as well as the wire meah of the window

- and initiation-systenm hardware, was used. "he oxplesive sevarance was initi-

5 ated by dropping a weight to actuate the control handle through a cable/pulley ...
system,

A plexiglass witness panel was mounted inboard of the intérnal containment
: System at a distance of 21.6 om (8.5 in.) from the mid-waterline (center

A stringer) of the égress opening. Dynamic Prassur2 was monitored by two trans-
s ducers mounted on the Plexiglass panel in the proximity of the aexpected loca-

- tion of the pilot's head in the experimental airplane, One transducer was

. mounted 5.1 eém (2.0 in.) aft of the forward internal containment, and the other
L was 20.3 om (8.0 in.) afe,

High-speed cameras (400 and 4000 pps) £ilmea the
3 system operation and dynamics from the front, side, and rear,

PROCEDURE

= The deseription of the development of the

= broken into six phases: system selection/development considerations; mataerials

34 selection/system qualification; initiation-system development; explosive sever-
: dnce and containment development; fyll-secal

) e, flat-panel tests; and aircraft
e fuselage mock-up test.

System Selection/Develogment Considetrations

gress open-
flight egress sSystem

1. Minimizing structural impact to the aircraft
2. Minim

1zing pilot effort and response time to actuate ‘
3. Minimizing system waight 4

4. Maximizing egress opening area 1
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5. Minimizing pllot egress interferenge

G. Providing jettisoning feree of egrass panel
7. Providing passive, lew-malntenance.gystem
8. Providing maximum oyotom reliability

Matoeialo Solovtion/gystom Qualification

Tho pyretochnie matorials and techalgueo used in this ogiens oystam woro
Boloctad on tho basio of previous acrospace dosign experienca and provioualy
qualified ¢emponents and nystoms,

Initiation-System Dovelopment

The initiation subsystem was designed and doveloped with safety considera-
tions paramount. The selection and development of the initiation system were
based on the following characteristics:

1. Independent system, isolated from onboard -systems

2. Manageable actuation fotee

3. Pully secure in f£light

4. Additional safetying measures oh the ground

5. Positive "stops" to assure that the actuation i8 complete

6. Accessibility and reliability

The complete initiation subsystem actuator (no detonators) was mounted on
a flat-plate breadboard to evaluate the actuation forces required to overcome
internal static and kinetic friction. The 89-N (20-1bf) maximum. resistive

force of the lanyard-actuated detonator was applied to the cable, and the pull
forces necessary to overcome friction were measured.

Explosive Severanceé and Containment Development

The development of the explosive saveranceé technology progressed through
several phases:

1. 8ize the flexible linear-shaped charge and determine severance perfor=-
mance margins under worst-case conditions (a double thickness of aluminum and
increasing the thickness beyond the expected limits). Aldo, determine the cut-
ting performance of the FLSC and booster-cup combination inside the manifolds.
Past experience indicated that any foreign material such as potting in the
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chevran arda &f the FLAC deatrayd the outting effiioiendy, Testa were conduated
on double-thickneas platea (1,016 on 1,016 mm (0,040 on 0,040 in.)).

2, Develop an aextarnal contalnment eyatem to contain the explosive preducts
outside the fuselage and provide a jettisoning foree to tha severed panel, A
demonptration of the development was mado hy dsing omall-panel test €ixturea.

3. Dovelop a mothod of davoring tho contral stringer {n the ogrose aroa.
Again, dmall-pandl test £ixturcn wore used to domenstrate tho lotal-area
porfoermanen, :

4. Dovolsep o mothod of containing tho oxplosive predusts inoido tho fugo-
lago, agoueing a porformance macgin. By using thy intorcnal containmont dovale
opmont fixture doseribod in tho Apparatus ccction, eontainmont tosts wero
condueted under worst-cado cenditiono ofs

@, 150 porcent of the roquired oxplosive loud was used, 3.19 g/m
(15 graina/ft) RDX (eysloteimethylenetrinitramine) initead of 2.13 g/m
(10 grains/fe)

b. No explosive pressure venting

¢. Minimum volumes

d. Filling the volume with ¢losed~cell, flexible foam. (used to
préclude contamination of the containment volume)

=5 e. Proximity of the FLSC t6 thé aircraft and containment struetura *

Full-Scale, Flat-Pahel Tasts

?\ To develop an understatiding of system-level performance, tests were con- '
B ducted on the full-scale, flat-panel test mock-ups described in the Apparatus
section. Performance parameters to be evaluated were complete severance,
neatnags/uniformity of devered odges, 2ffect on aircraft structure during
severance, capability of the containment structute (particularly at the
i stringér) to stop explosive products internally, jettison velocities and

. dynamics of the severed panel, and capability of the window mesh to prevent
% internal entty of the plexiglass window fragménts on panel jettison.

Aircraft Fuselage Mock-up Test

To demonstrate the final system design, a full-scale aircraft fuselage
mock-up test was conducted. This test included actuating the mechanicdl ini-
tiation subsystem with both detonators installed, the final design of the con-
tainmenit system (particularly at the stringers) with closed-cell foam to pta-=
vent volume contamination, and the 3.8-cm (1.5-in.) protective wire mesh on the
4 inside of the window to ptevent the plexiglass from moving interndlly. 1Inter-
- nal explosive debris and pressure were monitored with a plexiglass panel across
m the entire egress area.
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REAULTS
gyatem Heleation/Develogment Conatdaerations

Two candidate egresa syshoma could meot the condideratiens outlined in the
procaduro Beation - mechanical and pyraotochnia,

The mochdhical syatom approach would raquiro a largo structural madifica-
tien and dosign offort to indorporate a deoe framo and dooe, Thin would bo
follewod by a roloasc ayotom, guch as pulling hinge pind and astuating tho
1atehes, whieh could roquico eenoiderable pilet offert and time. The roloaced
doof may thon roguire (aegording te f1{ght eenditions) manual and doredynamie
jottioon, FPinally, a eonnidorable offort may bo roquirod te validato tho
otrucczral dooign of the medificd alregaft updor tho high-otreod, ppin=pullout
ebnditiens.

The pyrotechnle systom appeoach would use a floxible linear-ghaped charge
(PLSC) to seover the oxisting skin and structure, following proven prineiples,
applications, and materials. A minimal aivoraft modification could be
expocted, that is, attaching the oxplooive and contalnment to the oxisting
getructure. A pyrotochnic system would require little effort to initiate and,
as a complotely independent enotgy gourcae, would produce a highly rasponaive
severanco and jettisoning capability. since the oxpected structural changes
would be minimal, no new lead pathé ot structural analysis would be expected oc
necegssary. Based on these considerations, the pyrotechnic systen was selected
for davelopment.

Materials Selection/Systeit Qualification

fhe flexible linear-shaped charge (FLSC) has been applied to several aero-
gpate systems,; including the F-111 (ref. 1) and the B-1 aircraft, in which the
cockpit is severed from the fyselage. The PLSC materlals, organic-precipitated
hexanitrostilbene (HNS II) in a silver gheath, were developed specifically for
thermal and age stability (tef. 2)3 applications includé the F-14, F-16, and
AH-1G (Cobra) aircraft. The boostet tip materials, INS I in a steel cup, are
applied almost universally to aireraft axploalve transfer systems. The
lanyard-actuated detonator was qualified for the r-14, F-15, and the Space
ghuttle Orbiter. The capability of the PLAC to withstand severe environments
is demonstrated by its many applications. The functional qualification was
based on cumponent and system development, emphasizing pexformance margins
described in subsequent seetiond.

Initiation-System Developimenut

The initiation system develcped un thie effort is shown in figure 4. A
400 rotational stroke of the handle assembly (9.9 an (3.2 in.)) produces
4.95 cm (1.95 in.) pulley rotation and cable withdrawals. The cables thread
through guide tubes to provide 90° redirected pulls on the lanyacde of the
detonators. Since 1 1,27-cm (0.5-in.) atroke is required to actuate the
detonator, & margin of at least 3 to 1 exista. BEach cable is fitted with a
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clevis £irk to adapt to the detonator and a ball which is captured by a plate
on the pulley. The c¢able lengths were adjusted to prevent simultaneous .
engagement/actuation of the detonators, which would result ina twice the load.

safety fedtures were incorporated in the oystem to prevent Lnadvertent
syatem actuation on the ground and in flight. The handle and pulley assembly
ig secured to the mounting plate by a ball-relcase bayonet safety pin for
ground safety. An aluminum shear pin, again gecuring the handle and pulley
assembly to the mounting plate, prevents inadvortent actuatien without the
safety pin for flight. Furthermore, the left-aide cover posts (fig. 4) act as
motion stops; the upper-post stop prevents forward motion of the handle, and
the lower post provides a stop to assure that full actuation hag occurred. A
céver plate protects the entire pulley assembly and cable/tube ends, The
entire assembly i8 mounted on the forward frame beside the pilot, just aft of
the insteument console. The handle is positioned just above the lower ..
extremits and 2.54 cm. (1.0 in.) aft of the instrument panel.

The iiitiation-system breadboard revealed that the 3.175-mm (0.125-in.)
diametor, pure-aluminum shear pin sheared at 137.9 ¥ (31 1bf). Furthermore,
the static friction of eéither cable (preloaded to 89 N (20 1bf)) required only
93 N (21 1bf) at the handle. Actual friction loads will be much less in the
system, since an 8%-N (20-1bf) load will occur cnly at maximum stroke of the
detonatotr, which occurs dynamically.

Explosive Séverance and Containment Dévelopment

The 68 explosive tests are briefly outlined in table I to establish the
expiosive severance and containment approaches and performance mardins. The .
results of the explosive sizing and performance comparisons are shown in
table 1i. In determining the ability to sever double-skin thicknesses, the
FLSC, composéd of 2.125 g/m (10 grains/ft) RDX (eyclotrimethylenecrinitramine),
could séver/break the 1.016- on 1.60-mm (0.040- on 0.063-in.) aluminum, which

provides a performance margin of 58 percent. Furthermore, a 131-percent margin

is achieved by using an HNS IL PLSC of 3.188 g/m (15 grains/ft) instead of
the 2,125 g/m RDX, resulting in an overall performance margin approaching

100 percent.

in evaluating the performance of the booster tip/FLSC combination under
manifolds, it was determined that the increased quantity of explosive (due to
the tips) easily ruptured a single skin thickness and, with minimal potting,
¢ould rupture two skin thicknetses. An already initiated tear would progress
through the relatively shor: lengths where FLSC penetration did not occur.

The effectiveness of the external containment approach in the small-panel
tests is shown in f£igures 5 and 6. The no-containment test (fig. 5) produced
ragded eddes (large Jeflections) on both the sévered panel and the alrcraft
siin mock-up. The containment test (f£ig. 6) produced smooth, neat edgea on
bou: “Me panel and the aircraft skin, Although the containment-tést panel
weighed neaily threée times as much, no loss in jettison velocity ocourred com-
pated with the no-containmént test, ‘The external contaifiment i a 1.60-mm




(0,062-in,) thick celd-rolled steel coverplate (3.81 am- (1,50 in.) wide, as
required) , separated from. the skin by a 3.,15-mm (0.125-in.) aluminum=plateé
gtandoff. The bent-dowh portion. cleses the cavity and tmoeths the durface,
reducing aerodynamic drag. The cavity betweeh the steel and the skii was
necessary. to agsucre adequate deflection of a double-thickness skin to allow.
reliable severance/fractuce. A 1.60-mm (0.063-in,) cavity allowed only
pactial soverance. The final design of the oxternal contaimment is shown
in figure 7 on the aircraft fuselage mock-up of the egress system.

To reliably sever the central stringex, two lengths of explosive were
used. Oné length was laid along the skin, through a hole in the stringer
(inside the bend.radius of the channel), and across the leg of the channel;
the other length was laid around the stringer and matched into common boostet
tips at cach end. This arrangement introduced two preoblems: determining the
reliability of severing the double-thickness material (stringer and skin) with
the larger standoff to avoid the stringer radius, and determining how to mahage
the structural damage and deformaticn caused by the doubled quantity of éxplo-
glve. Several tests with larger standoffs than required indicated sufficient
energy existed to sever and tear the material with an adequate margin. The
doubled quantity of ewplosive required doubling the structural attachment bolts
(2.54~cm {1.0-in.) centers) and using steel internal containment structute on
the severed panel. .

The internal containment structure to protect the pilot from explosive
products is shown in figute 8. The cross-sectional .linés.indicate the loea-
tions of subsequent structural views.

The principles of the internal explosive contdinment are shown in figure 9
(section A-A). The skin is severed by the explosive, causing the structure to
the right to be jettisoned downward with the panel. The explosive products are
contained within the free volume formed by the stringer, the angle to the right,
and the cover channel. A cover channel is used to prevent a-left rotation of
the cover plate and stringer due to the explosive pressure. The two cover
plates above the channel stiffen the channel and cover the gaps at the cover-
channel interfaces. The reinforcement angle prevents shearing damage from the
close proximity of the explosive., The closed-cell foam (95-percent air) pre-
vents contamination of the free volume. If this volume were f£illed with water
(no foam), considerable deformation of the containment Structure could occur,
possibly cdusing pilot injury.

The same approach as described above is shown in figure 10 (section B-B),
except a cover angle attached to the alrcraft ribs is used to prevent rotation
rather than a channel. The cover angle is curved to match the aircraft con-
tour.. The severed/jettisoned portion of the structure is below the stringer.

Figure 11 (section C-C) &and figure 8 show the complicated welded stainless-
gteel containment structure used at the forward and aft sections of the central
gtringer. The structure attaches to the frames above and below the stringer.

In order to maintain an internal free volume to dissipate the explosive énérgy
of the flexible 1inear-shaped charge around the stringer, the structure had to
project inboard into the cockpit. Algo, this structure had to accommodate the
post-assembly installation of the detonators and initiation-cable guide tubes.
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An approach similar to section H-B 15 showh in figire 12 (section D-D),
except that the cover angle is attached to the frame. Furthermore, there is no
need for a reinforcemont angle; the oxplosive was not mounted against the frame.

Full-Scale, Flat~Panol Tests—

The full-scale, flat-panel tests confirmed a number Of system principles
as well as detecting system problem areas. The explosively severéd edges of
the skin and jettisoned panel were smooth and uniform. The dynamics of the
severed panels were uniform and predictable. The panel was smoothly releascd
and pitched horizontally; the base of the panel swung upward in the directlon
of motion. However, the external &ontainment struecture and skin detached from _—
the panel in the areas beneath the doubled FLSC around the central stringer,
allowing explosive gasedus products to enter the fuselage.

The gases, created on detonation of the éxplosive, sharply load the entire
area within the intérnal explosive containment, causing the skin to deflect
between the bolt attachments to exhaust thé gases. TheSe gasés are highly
visible as flame and smoke. The flame is a secondary burning of the unreacted
carbon on mixing with the ax.. The flame duration in both tests was approxi-
mately 21 m8ec, an unlikely ignition source of even the most reactive materials.

The manifold attachments and the plexiglass window retention were inade-
quate on the first test and were corrected on the second test. The manifolds
(attached only through the #kin) pulled loose; attachments through the frame ..
prevented detachment. The window broke up due to panel/frame ollcanning,
tossing several pleces inboard. A 3.8- by 3.8-cm (1.5~ by 1.5-in.) wire mesh
was stretched across the window and attached to the internal containment struc-
ture to eliminate internal debris.

The jettison capabilities demonstrated in the flat-panel teésts (small and
full scale) are st-arized in table III. Although the system weight increased,
the amount of ener ,y delivered per unit weight was consistent.

Alrcraft Mock-up Test

Figures 13 and 14 show the neat, predictable, severed edges of the skin .o .
and the frame around the opening éreated by the internal containment. No
internal debris was detected by the witness panél or high-speed caméra cover-
age (4000 pps). The intérnal pressures measured were 34.5 kN/m2 (5 psi) and
17.7 kN/mé (2.5 psi) with a duration of less than 1.0 msec. These pressute
lévels compare favorably with measurements made on the British aircraft Jet
Provost Mk.5, which employs an éxplosive cord-actuated overhead-canopy sever-
ance system. Measurements at the chest level of dummies indicated pressures
of 50.3 to 117 kN/m2 (7.3 to 17 psi). However, pressure levels at the dummy
eard (inside the helmet) weré approximately 26.2 kN/m2 (3.8 psij.

The £lame duration and jettison vélocity weré considerably improved by
the room temperature-vulcanizing (RTV) compound applicatioi on the external
containment, The actual duration of the flame was less than 5 mseéc., The
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improvement of the containmefit. prevented carbon particle and alr mixing and
burning., FPurthegmore, the jettison velooity (table III) {ncreased 28 percent
due to the improved sealing of the explosive-gas pressure wave. The bevered
panel welghed 6.62 kg (14.6 1b) and achioved i velooity ef 13.7 m/8eé

(45 £t/sec).

The seveced panel was complately intact, except for the window, following
the test (figs. 15 and 16). The wire mesh prevented any window fragments from
entering the fuselage. The frame created by the external containment was
cmooth and uniform, and the skin was securely attached in all areas.

CONCLUSIONS

A pyrotechnic-actuated, in-£light egress opening has been developed and
qualified for use in a light, general aviation research airplane. This systen
will allow the pilot to bail out grom the left side of the airplane.

The egréss system is simple and highly responsive, requiring minimal air-
plane modifications to incorporate. A compléte, full-scale aircraft fuselage
mock=-up demonstrated the ability of the system to create an opening of approx-
imately 76 by 76 cm (30 by 30 in.), including the window, in the cabin side.
The total system weight was 11.17 kg (24.6 1b). The opening was created by
gmall-quantity explosives (€£lexible linear-shaped charge) which severed and
jettisoned a 6.62-kg (14.6-1Db) portion of the fusclage skin and structure at a
velocity of 13.7 m/se¢ (45 £t/sec). The explosive products are contained,
presenting no debris ot sound/pressure nazard to the pilot. Furthermore, the
opening created {8 neat and smooth, presenting a minimal interference potential
to the pilot on egress.

System reliability has been demonstrated by previous aerospace gsystenm
applications and by functional tests. The pyrotechnic components and perfor-
mance principles have been qualified on aircraft systems such as the F-111 and
B-1 eScape modules. All functional parameters have peen tested for this appli-
cation to demonstrate substantial performance margins (a greater capability
than required to accomplish the desired function). The system will require no
maintenance, except for a 5-year replacement cycle on the detonator.

This egréss system technology is applicable to any aircraft of similar
construction.
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TABLE 1.~ EXPLOSIVE DEVELOPMENT TESTS

Explosive 012ing/aeverance teBtB « « + + o o ¢ 4 4 e 0 b 6 b b0 4 emee o o 23
Manifold dovelopment « « o o o o o o ¢ o o o o ¢ o o 6 & s o606 s 0 6 0 e s 8
CONtALnmENt « o o ¢ et bcme 6 b tiece 6 6 e e e s 6 s e s eee e s e o 29
Small~scale MOCK=UDPSE « « « o + o« o o o o s ¢ ¢ o ¢ o o o o ¢ o s o o s s 04 8
Full-scale mock-ups:

Plat . [ ] . L] . . L] . . L] L] . . L] [ ] . [ ] [ ] . L ] L S ] L] [ ] ¢ . [ . [ ] . . L] * L] . 2

Amraft . L] L] L L] . . . L] . [ e o * L] [ ] [ ] L K . [ [ ] L] L] . *- -9 =8 . . . L L]

-

Total test smcmens L] L] L] L] . L] L] L] L] L] L] L] . [ . - . [ ] L] . [ ] [ ] L] L] L] . . ] 68

TABLE II.- EXPLOSIVE SEVERANCE TESTS AND COMPARISON

(a) Explosive saverarnce tests

Material severed, mm. (in.)

Explosive, g/m (grains/£t) [ 0" "1 016 | 1.016 on 1.60 | 1.60 on 1.60

19.040 on 0.040) | (0.040 on 0.061) | (0.063 on 0.063)

1.488 (7) RDX Yes No

2.125 (10) RDX Yes Yés No

(b) Explosive severance comparison (2024-T4 tapered plates)

2,125 g/m (10 grains/ft) RDX will cut 1.53 mm (0.0602 in.) 131=-porcent
3.188 g/m (15 grains/ft) HNS II will cut 2.00 mm (0.0788 in.) increase
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TABLE III.- PANEL JETTISON COMPARISONS

(no containment)

Small-scale 1.00 (2.2) 10.4 (34)
(with containment)

First mock-up 3.40.(7.5) 10.7 (35)
(flat panel)

Second mock-up 5.94 {13.1) 10.7 (35)
(flat panel)

Fuselage mock-up 6.62 (14.6) 13.7 (45)

. Weight of Velocity of Energy per unit weight
Type test gevered panel, | severed panel, of severed panel
kg (1b) m/sac (£t/sec) J/kg (ft-lb£/lb)
Small-sgcale 0.34 (0.76) 9.8 (32). . 48.2 (15.9) .

53.2 (17.9)

58.8 (19.0)

57.2 (18.9)

94.0 (31.4)
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ORIGINAL PAGE 18
oF POOR QUALITY

(3,76 mm R
Sheath (0,03 in.)
Explosive
core
2.79 mm
(0.11 in.)

0. .
K(o.oa in.)/\
90° + 3° |
5,08 mm , ]
(0.20 in.) |

- Crogs section of silver-sheathed HNS II

Figure 1.
flexible linear-shaped charge.

ACTUATION DIRECTION

. RELEASE SEAR
COMPRESSION SPRING L (1.27-¢cH (.5 IN) STROKE)
70 N/CM (40 LB/IN]

T .

A 1
| [
| \ i
1 \
NN
FIRING PIN (:)
ASSEMBLY (:)
(:)/// PERCUSSION
PRIMER
i
1
outTpPUT CUP

rigute 2.~ Cross ssction of lanyard-actuated detohator. ‘
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Figure 4.~ Mechanical initiation system.
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ORIGINAL PAGE I8
OF POOR QUALITY

L-80-115
Figute 5.~ Small-panel severance test with no external containment.

EXTERNAL INTERNAL

SKIN

ATRCRAFY STRUCTURE

pali 14 JETTISUNED
PANEL
STANDOFP -~

CROS8=SECTION OF EXTERNAL CONTAINMENT

e Y o

L-80-116
Pigute 6.~ Small-panhel séverance test with external containment.
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L-80-117

Figure 7.~ External view.of fuselage mock-up of egrass system,
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, . L~80-118
Figure 8.~ Internal view of fuseldage mock-

up of edtess system. |
(Section views indicate subséquent illustrations.)
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ORIGINAL PAGE I8

OF POOR QUALITY -.... 16-cn 6061-T6
A ¢o63 w

7.6 €M e

G0N /)
7 e :
S e e |
.\'." '.. y 'I'.. ’ s
$TRINBER=—"T 1;‘5.,';'.'.-. " ,'!:. R
}jﬁ.g”iﬁﬁ{‘: 3.8 cM
' : N 155 lND -
REINFORCEMENT ANGLE44—
.16-cm 6061-T6 s _~SPRING-STEEL CLIP
(,063 1N ON EXPLOSIVE.

e |

S .,/ . i .«‘ "".._l PRIp——
SKIN _ ==, 315-¢cM 2024-T4

\\}16.c§'¥§ibuﬁkgLen S§TEEL
(,063 1)

CLOSED-CELL FOAM

- A=A and inverted A-A cross seation of internal containment.

Figute 9.

SKIN ..

\\ \/
/
/
STRINGIR 12.7 e
REINFORCEMENT ANGLE / (5.0 1\
. 16+cM B061-T6
(063 1N) _ /
— /
coLD~ROLLED STEEL - /

,16 oM (063 1w

CLOSED-CELL FOAM

,315.cM 2024-T4
(125 1w

Figure 10.- B~B cross gection of intérnal containment.
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-~ INITINTOR HAN[FaLD

™

ca WOOSTER §iig

‘:;' i \ INTERNAL

! B g \ “?g}“l;:"f;'r‘im. a5 STERL
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o {85 1 ’

2 TLERIBLE & INEAR \T

/- RIARER CnARGE

TN

TretH Cul oD 41 OTRENGER
HEOUH UL HOLLED STHLL
{anet o ﬂ\‘

ELUNER ShLL FOMM < [ [

Figure 11,- C-C &ross section of internal containment.

+16-cm 6061-T6

(,063 IN)
7.6 cmu
(3.0 1n)
e L]
e 3 - ,l ﬂ —
FRAME KRR 38 on
RN | | ISR
S ~ SPRING STEEL CLIP
IR ) § =2 ON EXPLOS1VE
| — ' —J - . ¥ 'l . ‘JL‘ e § |
e e s —
SKIN-— T 315.em 2024-TY

(,125 1n)
\.15.(;,.\ COLD-ROLLED STEEL

(,063 1n)
Figure 12.- D-D and inverted D-D cross section of internul containment. |

CLOSED-CELL FOAMS
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OF-POOR QUALITY

UIIGINAL PAGE 18

L-80-119
Figure 13.~ Post-test external view of fuselage mock-up of egress system.

Figure 14.- Post-test internal view of fuselage mock-up of egress system,
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Figure 15,- External view of severad panel.,

Figure 16.~ Internal view of severed panel.
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